Between 2008 and 2011, commercial turkey flocks in Poland were examined for the presence of rotaviruses. Ten faecal swabs from each of 207 turkey flocks (turkeys aged one to 19 weeks) were collected in different regions of the country and tested using a PCR assay that targeted the NSP4 gene. The prevalence of rotavirus was 20.3% in the flocks tested. Phylogenetic analysis revealed a clear division into groups dependent on geographical origin of the analysed viruses. All Polish rotaviruses belonged to the European group. However, they were found to be genetically variable based on the sequence analysis. The most frequently identified rotaviruses belonged to RV-1 subgroup and two of them formed a distinct subgroup of RV-2. Rotaviruses were detected in healthy and enteric turkeys. The observed amino acid changes probably did not affect the group affiliation, nor the pathogenecity of the studied rotavirus strains.
Introduction
The infectious diseases of gastrointestinal tract of birds have a variety of aetiologies (21) (22) 24) . Beside many biological agents, such as bacteria and protozoa, also viruses could be involved in clinical manifestation of the disease. The most important viruses associated with enteritis are adenoviruses, astroviruses, turkey coronaviruses, reoviruses, rotaviruses, and turkey toroviruses (23, 26) . Rotaviruses (RVs) are especially known to cause severe, acute gastroenteritis in humans but also in various animal species. Among farm animals, rotavirus-associated enteritis is a problem in young calves, piglets, and foals, therefore, a preventive vaccination against the infection is applied in these animals (10) .
Virion of rotavirus is 70-75 nm in diameter and has a wheel-like (from Latin rota) appearance. Rotaviruses have a genome of 11 segments of doublestranded RNA encoding at least six structural proteins (VP1-VP4, VP6-VP7) and, depending on strain, five or six non-structural proteins (NSP1-NSP6). With the exception of segment 11, which encodes two proteins (NSP5 and NSP6), the genome segments are monocistronic (11) . RVs are classified into the Reoviridae family, Sedoreovirinae subfamily.
According to the current ICTV taxonomy, Rotavirus genus is further divided into five species referred also as groups A-E that differ in antigenic properties and the pattern of RNA segments migration in polyacrylamide gel electrophoresis (1) . Beside the official rotavirus species, three additional tentative species, F, G, and H were assigned based on differences in VP6 gene sequences (12) .
Rotaviruses have been isolated from many avian species including chickens, turkeys, guinea fowls, pheasants, partridges, pigeons, and wild birds (5, 9, 13, 27) . Most of the rotaviruses detected in birds, similarly to strains detected in humans, belong to group A. However, quite frequently rotavirus strains of group D and occasionally also groups F and G were also detected in avian species (16, 19, 25) .
In the last decade, the population of turkeys in Poland is increasing, and despite the high level of hygiene/biosecurity implemented in farms, the clinical signs of enteritis are commonly observed. The aim of this study was to determine the prevalence of rotaviruses in commercial meat-type turkey flocks in Poland and provide epidemiological information based on phylogenetic analysis of the detected viruses. All samples were stored at -65°C until further analyses. After slow thawing, each individual swab was hydrated in phosphate-buffered saline (PBS) supplemented with antibiotics (100 U of penicillin with 100 mg of streptomycin/mL), incubated for 1 h at room temperature, clarified by centrifugation at 1500 g for 20 min, and used for RNA extraction.
RNA extraction and RT-PCR. Two hundred and fifty microlitres of supernatant from five pooled swabs (two pools/flock) were used for total RNA extraction using RNeasy Mini kit (Qiagen, Germany) according to the manufacturer's instructions. Conventional RT-PCR amplifying NSP4 gene of rotaviruses was performed using QIAGEN OneStep RT-PCR kit (Qiagen, Germany) (4). The obtained products were separated on 2% agarose gel in Tris-acetate-EDTA buffer and visualised using ethidium bromide stain. At the beginning, no positive control was available for the RT-PCR test for rotavirus but later the isolate G0143/08, which identity was checked by sequencing, served as the control.
Sequence and phylogenetic analyses. The 630 bp PCR products from 10 randomly selected rotaviruspositive samples were purified using the NucleoSpin Extract II kit (Macherey Nagel, Germany), and then sequenced at the commercial service Genomed (Poland). Sequencing was performed in both directions with the same primers as used in RT-PCR reactions. Using Seqman programme (DNASTAR, USA), the forward and reverse nucleotide (nt) sequences were edited, cured and aligned in one sequence. A 593 nt region of the NSP4 gene (from 8 to 601 nt by numbering Ty-3 genome, Acc. No AB065286) was used to evaluate the phylogenetic relationships among turkey rotaviruses. Ten new sequences of Polish isolates and 24 others available in GenBank were then aligned to compare and find nt changes by the Clustal W method using MEGA 5.02 software. A phylogenetic tree of aligned sequences was then constructed by the neighbour-joining method. The nt sequences were translated to deduced amino acid (aa) sequences, which were also compared to detect changes at the amino acid (aa) level.
GenBank accession numbers. Partial nucleotide sequences of NSP4 gene of rotavirus (593 nt region, from 8 to 601 nt by numbering Ty-3 genome, Acc. No AB065286) were submitted to GenBank with the following accession numbers: KF383315-KF383324. Phylogenetic analysis. PCR products from 10 rotavirus-positive cases were sequenced and compared with rotavirus sequences available in GenBank. The characteristics of 10 rotaviruses randomly selected for sequencing is presented in Table 1 .
Results

Turkey
Phylogenetic analysis of the NSP4 gene sequence revealed geographic assortment of the detected rotaviruses (Fig. 1) . Generally, turkey rotaviruses assorted into groups representing European rotaviruses and non-European rotaviruses. All Polish turkey rotaviruses were located in the branch of phylogenetic tree named "European rotaviruses". However, these rotavirus isolates were different and divided into two subgroups: a and b. Most of them (eight strains) belonged to the subgroup a. In subgroup b, only two Amino acid sequences corresponding to positions 4 to 168 of NSP4 gene of Ty-3 strain were analysed to determine changes at amino acid level, and are shown in Table 2 
Discussion
Rotaviruses were detected in many avian species, such as duck, pheasant, chickens, turkeys, pigeons, and wild birds in many countries worldwide (3-4, 14, 17, 22, 27, 30) . The presence of rotavirus in 20.3% (42/207) of Polish turkey flocks between 2008 and 2011 is reported in this study. Such occurrence of rotaviruses seems to be lower when compared to their prevalence in turkey flocks reported in other countries. In numerous studies conducted in the United States, 67.7%-69.7% of tested turkey flocks were infected with rotavirus (4, 22) . The monitoring of enteric turkeys in Minnesota showed the presence of rotavirus in 48.3%-93% of tested flocks (6, 8) . In subsequent studies of these authors, the monitoring of five flocks of apparently healthy breeder turkeys over the period of nine weeks revealed that 30.6% of samples were rotavirus-positive and the virus was detected in 1-to 9-week-old, in both healthy and enteric turkeys (7) . In Brazilian study, rotavirus infections were identified in 51.8% of surveyed turkey farms, and birds in most tested flocks were described as healthy (18) . Among 51 diseased turkeys examined in Germany and the Netherlands between 2005 and 2008, 60.7% were identified as RV-positive (20) .
Most of RVs detected in turkeys belonged to groups A and D (19, 20, 21) . Recently, bovine-origin rotavirus A was also found in turkeys in Brazil (2) . In studies of Otto et al. (20) , the detection rate of rotavirus groups A and D was different and depended on the applied methods. In the first study, the group D of rotaviruses dominated, as 57.6% of turkeys were infected with this group, and only 3% with rotavirus A. Using the second diagnostic approach, rotavirus A was detected in 64.3% of studied turkeys and rotavirus D only in 7.1% of turkeys (20) . The group of rotaviruses detected in Polish turkey farms is unknown, as the applied method allowed to amplify the fragment of not group-specific NSP4 gene. However, our preliminary studies (determination of VP6 gene) have indicated that group RV A is predominant (unpublished results).
Turkey rotavirus was detected in 1-to 19-weekold birds. The presence of rotavirus in poults at one week of age is not surprising, as different authors detected rotavirus in poults below one week of age (21, 28) . In the studies, rotaviruses were detected in flocks with enteric disease, but also in turkeys without any symptoms of the disease. This is in accordance with the results of previous studies, which demonstrated rotaviruses in both enteric and healthy birds (7, 18) .
In the study, phylogenetic analysis showed that the turkey-origin RVs were grouped with previously detected turkey rotaviruses available in GenBank, and with the reference turkey Ty-3 strain. The viruses identified in this study were grouped with European rotavirus isolates from Germany and United Kingdom. Non-European rotaviruses formed three separate clusters. Geographically-dependent clustering of rotavirus strains was previously observed (6, 21) . Then, European turkey rotavirus was assorted separately together with pheasant rotavirus. However, the strain Ty-1 was previously described as distinct sero-and electophoretype (15) . Similarly, pheasant strain was recently described as representative of an avian/ mammalian reassortant or unusual avian rotavirus (29) . Genetic variability among Polish rotaviruses was observed, as two subgroups could be distinguished. In subgroup a, identified Polish RVs originated from different parts of Poland: central (KujawskoPomorskie, one strain), north-eastern (Warmińsko-Mazurskie, three strains, Mazowieckie, one strain), and western (Wielkopolskie, two strains; Dolnoslaskie, one strain). On the other hand, two Polish rotavirus strains from subgroup b were isolated at two years interval in farms 10 km distant from each other in Lubuskie province (west of Poland, about 50 km from border with Germany), and they clustered together with German rotavirus isolated in 2003. This may suggest a similar origin of the mentioned viruses.
Several changes in rotaviruses amino acid sequence observed in this study were also noticed in sequences of North-American rotaviruses and they were previously considered to be connected with group affiliation of rotaviruses (6-7). However, our preliminary studies suggest that all sequenced rotavirus strains belong to rotavirus A group. In turn, flocks infected with rotaviruses of subgroups a and b were described as enteric, so these changes are rather not connected with pathogenicity, but the hypothesis needs further confirmation.
In conclusion, in this study, the circulation of rotaviruses in Polish turkey flocks was demonstrated. Isolated rotaviruses were genetically related to other European rotaviruses. However, they were found to be genetically variable based on the sequence analysis. The most frequently identified rotaviruses belonged to subgroup a and two of them formed a distinct subgroup b, suggesting their separate origin. Rotaviruses were detected in healthy and enteric turkeys. The changes observed in amino acid sequence do not seem to affect the group affiliation, or the pathogenicity of the studied rotavirus strains.
